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1 -Induced polarization (IP) 
2 -Very low frequency 
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1 -Noise 
2 -Random 
3 - Low pass 
4 -Cross over 
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1 -Self potential 
2 -Telluric 
3 -Magneto telluric 
4 -Audio Frequency Magnetic 
5 -Resistivit 
6 -Equipotential 
7 -Mise-a-la-masse 
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 كليات3-2

هاانتقال جريان الكتريكي در سنگ3-2-1
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 تئوري شارش جريان در محيط همگن3-2-2
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1 -True resistivity 
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و كانيمقاومت ويژه سنگ3-2-3 هاها
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1 -Anisotropy 
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)اهم متر(متوسط مقدار مقاومت ويژه و كاني ها مواد متوسط مقدار
اهم(مقاومت ويژه
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1 -Soil waters 



���� �O' *�N�� 3��� �� *&'
 ��	� �O' <���`	 �� �Q�� &	��E	 C^�� <
���U! �� 31 ����R&'%�� 

]� ���=2! *3
���#�vxt| [��� �@�
 �� &,?� �Q�� &	��E	 ��� �� ���� �O' ��, 
 �
 
�������� ���

��� �2#. ���EM �IP &'
 ��#�.

 هاي الكترودي انواع آرايش3-3-1
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1 -Offset Wenner 
2-Lee partitioning 
3 -Brant array 
4 -Gradient array 
5 -Axial or Polar 
6 -Azimuthal 
7 -Radial 
8 -Parallel 
9 -Perpendicular 
10 -Equatorial 
11 -Square 
12-Wenner Array 
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1 -Schlumberger Array 
2 -Dipole–Dipole Array 
3 -Alpin 
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1 -Rectangle array 

)xot(



)IP( روش قطبش القايي3-4

 معرفي روش3-4-1


��E 
 3��'
���;G �� P,O-(IP) �
 VG ��	� 3��� J2�K	 �
�	 +
�� �� �� ��� � �
 
/��! &E�E: ��

 (�E�?	 3���. _O-)DC (
	 
E���!��
"�
 ��?���G �������� 
 ��� �� "���
	 ���B��� .<����`!


	 3�5�
��� ��?���G �������� 
 ��� ��?���G 4;�8
 *3���. 
��0B�� _O- �
 "/� �� "��ً
#� �=F

 *���B
	 +
�� ���� ���"! �� *�� �
 P��� C� �
 "/� ��2���
bB .�� _-
� �� ��	� ���
�	 ��)^ ��

�� 3���. �F� X�N)� 
� 
����� 
��� � ���� �#$ 3��8 C� ")��	
	 ���8� 
���#�� ����
 <��F")� .

��
"�
 ���� �B
 �Q�� &	��E	 ���B)� ���=�'
 [��)�	 3���. �
 (�E�?	 3���. ��. �Q�� &	��E	 *(�


	 P��� V����� P�
��
 �� ����� &	��E	 (�E�?	 3���. ��,$ ��
�� �� ��	� 
���8 &�F�8 
��� "���


	 3�5� ��8 �
 ���#� &	��E	 *3��8 C� ")��	 �� [��)�	 3���. ���E	 �� � ���#�"��.

 IPهاي چشمه3-4-2
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 قطبش غشايي3-4-2-1
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1 - Over votage 
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 قطبش الكترودي3-4-2-2
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1 -Montmorillonite 
2 -Kaolinite 
3-Sphalerite 
4-Cinnabar 
5-Stibnite 
6 -Magnetite 
7-Ilmenite 
8-Pyrolusite 
9-Cassiterite 
10-Graphite 
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 IPهاي گيرياندازه3-4-3
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 گيري در حوزه زماناندازه3-4-3-1
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5-Time domain 
6-Frequency domain 



)�;@	|/w����f (��
"�

	 ���B��� .��
"�
���B &�
 
)L)	 ��� �� ��VP���� �� 
2�8 [��)! ���

 ��!��)v/w����f (	� �2F�� �� A'�)	 
��)��":|/w����f (
	 X�`�
���B .


	 
)L)	 ��� &:�?	 �� ��
�� 3�	� �� &,?� ����E	 ��
 +
�N��
 �
"E	 "���)���xoq(��
 (�?E! �� ��

 �� +
�N��
V0����� ���bG��� *)Ma(
	 �F�: ���B)
	 ����f 
2�	 31 ":
�"���.(

���xoqJ 
(- �� 
? �G 3���. C� ��������
"�
 � [��)�	 P,O
��Z
 ��� � ��fg! � �F�: ��� � ���B)VP(P�
��
 �
���B �� 3�	���� � V �G ��� [(��
"�
 ��� �� *
��Z
 ��� � ���B��
"�
���� �� ���B A'�)	 
��	� ���V(t��) ���\ �

��
"�
 �� �
��Z
 ��� � 
)L)	 ��� &:�?	 ���B[Reynolds, 1997] 


"�
 �#$ ����
	 ��#	��\ 
/-
� ���bG��� �
"E	 ���B � ���bG��� 
LO' ��� ��% �� 
��� "���


 �: �� ��
� 
� ��8 �� 7�aK	 �Q�� &	��E	��
"�
 �
"E	 �� &	��E	 � ���bG��� �
 
,���! �"� ���B

��% �#� �Q��
	 ��"��� .�'�G "��� �!")2� ���� 3�	� �^ ��IP ��� "�
�8 ��B��� 31)���xo|.(



���xo|:���� 3�	� P�
��
 ��)�
a��c(
	 P�
��
 
��Z
 ��� � *����� P��� V����� *"���)�
VPa ��VPc .( *�`��� ��

����G V����� �� ����� �Q�� &	��E	 �!)�� +�@	 ��H ��c(�!%�� V����� �� &,?� 
� ���B��� �
"E	);@	ًa(��
�

.[Reynolds, 1997] 

G��� ���b)���2��
����:(

)xo~(M=VP/V0 (mv/v يا (%    

31 �� ��VP*
��Z
 ��� �V0
	 ���=�'
 ���	 3���. �
�� �"� �"��5	 ��� �"���.

����� ���bG���:

)xou(

31 �� ��Vp(t) �9L  �� 
��Z
 ��� �t
	"���.

+
�N��
 ���� &��	�� ��� �	�� � ���B �� (�?E! �� 31 3�v،���� P��� �
 
��� ���)&=.
B"� (

����
	 �)�	� ��?���G � ��"��� .P�
��
 ��9)	 �� A'�)	 
��	� ���� [�K��
 ���	 �� X�% k���:




��5� ��� &�'�?: P��� i$�� �! ���B <��F "��� ���� �� +�)N�' &,?�[Reynolds, 1997].

 فركانس گيري در حوزهاندازه3-4-3-2
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1 -Frequency effect 
2 -Percent Frequency effect 
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1 -Marshal and Madden 
2 -Metal factor 



 IPهاي پاسخ نمونه3-4-4
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)ميلي ثانيه(بارپذيري و كاني هامواد ث(بارپذيري )انيهميلي و كاني هامواد
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1 -Mineralized 
2 -Barren 



و3-5  هاي صحرايي مورد استفاده در برداشت IPتجهيزات مقاومت ويژه
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 EMهاي تركيب ميدان4-1-1
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 روش زاويه شيب4-1-4
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�������� ���[Babu et al., 
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�)$ �� _�'� ��H

 
1 -Passive 
2-Paal 
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[Babu et al., 2007].
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NAA 24.0 �2!��R���	 & ��
 * 67W17-44N39 1000 

NLK 24.8 �!��'2��N)��
� & ��
 * 121W55-48N12 125 

NSS 21.4 V�2G��13")2��	 & ��
 * 76W27-38N57 400 

NAU 28.5 �����!��G4 67W11-18N23 100 

NPM 23.4 
 1� 1� 5
�
��� * 158W09-21N25 600 

BGR 16.0 
,B
�63��?2N�
 * 01W11-52N22 750 

UMS 17.1 ��'�� *��?	 37E01-55N49 1000 

JXZ 16.4 ")2N2�7���� * 13E01-66N25 350 

FUO 15.1 �?�
�� *����� 00W48-44W65 500 

NWC 22.3 �� 
��'
 114E09-21S47 1000 

NDT 17.4 �G
� *
	�'�� 137E01-34N58 50 

1 -Cutler 
2 -Seattle 
3 -Annapolice 
4 -Puerto Rico 
5 -Lualualei 
6 -Rugby 
7 -Helgeland 



Rهاي قابل حملفرستنده4-2-2-1
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 �: ���- *���B[Hyles & Sinha, 1986 ].
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1 -Portable transmitters 
2 -Chalkriver 
3 -Ontario 
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 VLFهاي گيرنده4-2-3

���`! ��N�'� �� �
VLF +�' �� 
)�	�vurq ����� e'�!R[Paterson & Ronka, 1971]  ��8�'
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�N�� e'�! � "�]Mcneill & Labson, 1991.[

��N�'�
�'� <��F �� �� �
 ���W
	 ��� 3
"�	 P,O- ����� � 
2F
 ��L	 ��� &2�! ���
� � "����

��
"�
 
� 
?�H�)U	
	 ���B "���#�[Reynolds, 1997] .�� ���
� ��
 �� 3"�'� �
�� ��N�'� 3"��8�^

�=F & �:c
	 �F�: ���B )��N�'� ��B")2� �
"F �
 ���=�'
 �� (A�� ��� �
 ���
� *V�' �)'


	 &�
�- ��N�'� ��� �� ��.�	���B.

��N�'� ��� �� <��F �� �#: ���- �^ � ��#� & �: �� �^ ��� ��8
 �"� ��8�' ����� 
�5G �H�8

G ��� �
 ���=�'
�"��
����d��H�� 3�� *"��
� 
� ��N�'� +��)� �=��� ��&'
 �"� ��5�� �� .��


��N�'��= �	 ����
"�
 
� (��- �� 
E�
 3
"�	 &,?� 
E�E: � 
	���	 ���
	 ���B")��#� .�
 
�/�

��N�'�_#. �� 3�	�#� ��?=! 3��	
 ��� ����
� ���1
	 
�
� 
� ��")���.

+�".doW
 �F;8��N�'� �
 ����VLF 
	 3�5�
� 3�B���B"�� .&'
 ����Z ���� ��
 3��� ��, 



#� D��'� �� �Z�: +�: �� ��N�'� ��
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 ��� �� ���b	 ���


#�"- +�". �%�� &#?-��N�'� � �! �!"�". +�". ����G &#?- �� �"� ��� ���)�
 �,- �! ��, 


+�' R��R (
	")���.

1 -Ronka 
2-Hand-held 
3-Null 
4-Microprocessors 
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 VLF هاي عوامل مؤثر بر داده4-2-4

 VLFهاي هاي اتمسفري مؤثر بر فركانسنوفه4-2-4-1
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 VLFتأثير توپوگرافي بر پاسخ ميدان مغناطيسي4-2-4-2
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�
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 گيري شدهاز نظر پارامترهاي اندازه VLFتقسيم بندي روش4-2-5

���VLF  ��
"�
 �� 
�����	
��G �9� �

	 ���B��
� & �: �� ��� :+�
 & �:VLF-Z ��VLF-EM 

�= �	 31 �� �� &'
��
"�
 ����� �"�,O- 
?�H�)U	 3
"�	 ���
	 ���B���.

���qov|:
�
�B�G�! �f
 ����B �9� �� �� *
�
�B�G�! �� J �K	 
,�� �� ���'� �� �'�G
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 VLFمدهاي اصلي برداشت4-2-6
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 TEيا مد پلاريزاسيون H هنجاري ميدانبي4-2-6-1
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 TMيا مد پلاريزاسيونEهنجاري ميدانبي4-2-6-2
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 TMو TEگيري كلي از اين وضعيت نتيجه4-2-6-3
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 VLFهاي روش مزيت4-2-7

��� VLF  
N�?�� �� ���' 
��� k�E� ")��	 %�� 
����� 
 
����'� �� IH�)	 
��'�)� �
�� ���

�?B �� [1 �
 }�,�
)��#� �� ��,- ��
 �
 
������8�' � ��?� >)' �� ��.�	 ���
���
�`	 "�#$ 


	[1 �� "))�
B�� 1 � 
)�	���� ���
	 �0�1 �� ���� *")��� 3���. ")�
�!
	 ���� ������.<�$;H



G
��. ���VLF 
	���
�`	 ��
 ��?=! �
�� �)�0� ���2#$ ��)�#� � &�/-�	 
��'�)� �
�� ")�
�!

���B ���=�'
 C��� ��"�� .�N�� &��	VLF _#.��' ���1��
� _�
"/! ����#� � ��� 3��� 3
��
 *��

 
��?�
 �����)�=� �� �� C� (
	"���.

 VLFهاي روش معايب يا محدوديت4-2-8
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�"���B ���1 ��LF ���B &0. �
 3�)�#H
 &0. X�% k���:
VLF ���B <��F "���)&0. "��� A2\



�� 31��N�?�
 X�#! �"��� 3�?�� &�
��� ���.(

و نيمه4-2-9  VLFهاي كمي دادهتفسير كيفي

��
� ��?=! �
�� ���=�'
 ���	 ��� ����5�� ���VLF 
	 
=�� ��?=! *"���.

�= �	 3��#� ���a! ��
	 ���`! �� 3
"�������� C� *�2F�� ��
�� �� 
	���	 � 
E�E: ��� �L	 "�
�!


 ������'��?B � 
N�?�� IH�)	 � 
����� ")� ��?=! 
� �� .��0� M�K5! �� A2\
 3��� ��2�� ���

&:
� �
	 C#� ���bB
�� �!"��#� .

����� ��2�� �
 ")!��,$ ���=�'
 ���	 +�#/	 ��2�� ��[Fraser, 1969] D���� ��2�� �_&2`� [Karous 

& Hjelt, 1983] .�� ���
� �bB
�� k�E� ����� ��2��
	 ��",! C�G �� 
B��' �� 
� A")� .D���� ��2��


	 �,'�L	 �"� ��
� I#$ �� 
� +��/	 _,)	 3���. ��� &2`� �� +��/	 _,)	 3���. ��
 �� "��#�

&'
 4��/	 3���. 
 �N^ .


	 3���. 
 �N^ &�/-�	"��#� C#� I#$ �� 
N�?�� A�� � ��$ ��?=! �� "�
�! .�	���� ���

�L	 �
�� ���`!��
� 3"�5� ���a! �� � �,'
	 ��.�	 &2`� D���� ��2�� �
 ���=�'
 �� �� �� *")���


	 ��
� P��#� I#$ �� &,?� 3���. 
 �N^ <
���U! �0�1 �
 3��� ��' ��
	 �� ���!��?=! �� "�
�

"��#� C#�.�������G �� *��
�$ �
"�	
 M�K5! ��9)	)�L�.�! �ً��5�� (
��� ��
"�
 �� �� �N�"�� ��




� C� �O�
� �! &'
 ���� ���	 *")�?� C���������G �� ���`)����B MK5	 �� .3�
� �
�- (� ��)� ��

�����G
	 ��#	 &�
��� �EO)	 �� �� ���'� IH�)	 �� ��
�$ ��� k�,!�
 ����� *�����B.

 تفسير كيفي4-2-9-1

+�' �� �����R�s� �� �� �
� ��
�
 
� ��"$ ��2�� �� �� ��� �� &2�! ���
� J2�K	 ����E	 �
 ���=�'


 JO$ �OE� * �����G)��� <
���U! 3�5� �� (��
 31 ��?=! � ��� 
	 ��",! �
 ���B ��G �'�G �� 
�-


	 <
���U! 3��	 _-
� �� ��G 3��	 �� ��� ���B"��� .�9� ���	 ����� ��2�� �N2#$ �
�� ��� ���/	 ��0^

���:

��
� ����
� ��� ��
"�
 �� 
� A�� ��uw")� �`��. �.�� .C�G �� ��",! ���bB
�� � ���)L�
 ��
���)�


	 "���.

Y�	 +�H "��� ��2�� ��
C��=! <�"- �! "��#� 4b: 
� (�E�?	 � [��)�	 ")2� 
2�8 ���R
����`)�-

"��� P�
��
 
2L	 ���.

���� "��,� ��2�� ��

���a! ���W
 �! ��N�?�
 C� �
 
��� *�N�� ��N�?�"�� P�
��
 ���	1 �U �,	 <��F.

X�`�
 
� <�,'�L	 <;�5	 3�"� � 
B��' �� ")�
��� �! "��� ���' 3
����� �
�� "��� ��2�� ��
 ������

")��.

")��	 
2Z�=! ��!
�G
 C� �
 ���=�'
 �� +�
 ���/	 �� .M2 –M1&'
�.
 ���- .31 �� ��M1�M2��


 
 
��	 �
"E	��N�?�")�?� �� .�bB ����G �N2#$ C� �� ���'�
�#� �
 ���=�'
 �� ���/	 ��	�'c��� ��

")��	 &'
 X�`�
 ���- �Z�=! ��
:

1 -Resolution 
2 -Random 
3-Low pass Filter  



)qovw(

��M1*M2*M3�M4��� "�
�8 
 
��	 ��N�?�
 ��0^ ����E	 .��2�� 
.��8 �
�� %�� �O�
� �: ��

(��
�:

)qovv(


	 IEL! &��f �
"E	 4b: �� ���/	 ���81 ��� <��F �� ��2�� 
.��8 �
�� 
��0� �'�G ��
���)� ���bG

��� "�
�8:

)qovp(

��N�?�
 ��� �OE� �� �F�: �
"E	 �� ���M2�M3
	 ��
� &,?� ���[Fraser, 1969].

)هجلت- فيلتر كاروس(تفسير نيمه كمي4-2-9-2

�� +�'vu~q 3
"�	 �
��'��� 3���- �
 ���=�'
 �� 
"��
 �9� ���	 ��2�� 
:
�H �
�� &2`� � D����

 
O8 ��2�� ���j! �
 ���=�'
 �� � ���#� �,'�L	 
� 
LO'��� �"/� �� 3���. �
 �F�: 
?�H�)U	

��B �9� �� ��Z�� ")^ 31 �� �� "���#� �: 
� 3���. _���! �� k���	 
 
�N��
 � ��/	 ��� �"� ��

[Mcneill & Labson,1991]:

&'
 ����B �
�- ��U�	 3���. 
 �N^ �� ���� 
E�
 �L=F C� �� 3���. _���! 

��N�?�
 �2F�� �� ��
�� 3���. _���! I#$&'
 �N�"�� �
 &�
��� ���.

��N�?�
 ��� �2F�� P�
��
 ����
"�
 ���
	 ���B5�� m�#$
 �� 
� 3���. _���! ����� 3
�!��#� 
'��� ��.

�
 ��#� ��O8 �� 
� 3���. 
O8 �F�)$ �
 �F�: 3
"�	 ��2�� ��
~�� *"F�� ��� ���' +�	�� �2�'�


	 ��",!")�.



)qo

vx

(

31 �� ��Z∆* 3���. �L=F �
�� ���=	 &	�KZ *X∆��N�?�
 ��� �2F�� *�L=F I#$ ��)�#� � ��


	 3���."��� .�N^ &�/-�	 ���=�'
 ���	 ��N�?�
 P� ��� �2F�� �� �"� �,'�L	 3���. 
 )��N�?�
-

���xo*po*vo*w*v*p�x(
	"���.

H
� (��- 
?�H�)U	 3
"�	 �����N�?�
 �
 X
"� �� �� ���`)�
	 ��"��� .&2`� � D���� ��)�#�

 
?�H�)U	 3
"�	 
	���	 �= �	 �
�� ���5	 ���2�� �! ")��
� �;! �2F�: ����� �	
 "���N� �9� �� (��-

"���,� �.�! A �. 3
")^ .��
 �2j?	 ��
 �� � 
	���	 �= �	 �#$ �� �� &'
Hs/Hy��#�$
 ���- 
2�8


#�
	 �
�- ��fg! &L! ������ e'�! �= �	 ��
 
��� *"��� ���^�� 
E�E: �= �	 �
 A2\
 ��)�#� � ���B

 &'
[Djeddi et al., 1998] . 

$ ��
)L)	 ���'�
�#� � ��2�� ��0� ������ �
�� �#��
"�
 ����� *3"� ��2�� �
 �,- �"� ���B ��.

��
"�
 ����E	 �"� ���BH�
"E	 e'��	 �
H
	 ��' ��N�?�
 �� 
N��?#� ����
 �� (���. C� <��F

&�
� (��
�8 ��� ��� �� 3��E�	 ��2��:

)qo

vq

(



31 �� ��:


	 ��
���)� ('� 
� 3���. 
 �N^ _H�E	 �,� � (���#� �,'�L	 J2�K	 m�#$
 �� 
� 3���. _���! (��
�!

(���#�.

�� �.�! �� ���#$ _OE	 �,� C� �� 
����'� _���! ���	 �� 
� �"�
 �� �
 *3���. 
 �N^ _OE	 �,�

 �
� "�
�8 �	 �� �"� ('� 
����� +"	[Karous and Hjelt, 1983].

 Ramagافزار معرفي نرم4-2-10

�
��
 X�� �
 ���=�'
 �� �	�� 3���G ��
 �� 3���. 
 �N^ _H�E	 �,� ��)�
 �� �.�! ��Ramag *�"���B ('�


	 �
��
 X�� ��
 �a�K	 
��/	 �� �`)�
 ��(��
��G .+"	 _H�E	 ����
��
 X�� �
 ���=�'
 �� ��� 
#� ���'

Forw2DVLF �Inv2DVLF  �"� ('�
"�
�8 ��8
��G ���
��
 X�� ��
 
��/	 �� �"/� PK� �� �� "�

"�.

X�� �
��
Ramag X����
� �
�� �� &'
 ��
��
 ���VLF &'
 �"� 
:
�H .X�`�
 ��9)	 �� �
��
 X�� ��


D���� ��2��o��
� ��� �� &2`� X�8 ���VLF 
 �N^ _OE	 �,� �,'�L	 �� ���- � &'
 �"� 
:
�H

 3���.)E	 ��
�� ���' � 
N�� D�� (
	"���[Ramag manual, 2002].

 هاي نرم افزارمحدوديت

�����G �
"E	 (#����	��
� �
 ��' �� �� �� ��vw
	 �"$"���.

��
� �
"E	 (#����	 �����G �� �� ��qww 
	 �"$"���.



3���. 
 �N^ _OE	 �,� +�H (#����	xww ":
�)<�� �� ��	 (
	"���.

 مراحل كار با نرم افزار4-2-10-2

X�� �� ��� �
�� �
��
Ramag D���� ��2�� X�`�
 �–&2`�)3���. 
 �N^ _OE	 �,� (��
� ��� �� ���

 X�8VLF���B X�`�
 "��� ��� �:
�	 *:

vo��
� 3"�
��B��X�� &	�� �� 
� �� 
)�	 ���� <��F �� � �
��
.txt 

po��
� 3��#� ��
��)��B �
 �� DATA>load file 

xoD��E	 [�K��
m�)��B �
DATA> set data units ��	 �� �2F�� ��",!��9)	 �� 

xo�"� ��2�� � X�8 <��F �� �
��#� ('� �
��)D���� ��2��o&2`� (�)��B �
Plot>unfiltered  �

Plot>filtered 
	 ���=�'
���.

|o�)��B �
Set filter Depth �2�� +�#$
 �
�� D���� �–&2`�)3���. 
 �N^ _OE	 �,� (���=�'



	 �
 31 I#$ �� ���rw�!vww &'
 ���U! ���- ��	.

ro�)��B �
Plot> multi- profile ��
� �
 �����G ")^ P��#� �
��
	 ���=�'
 �"� ��2�� ��� �� ���


� �
"�	
 �
 "�� �����`)�
	 �	 �� ��"��.

to�)��B �
Save �Save as BMP ��� ���8� �
��
	 ���=�'
 �����B.

 Inv2DVLFو Forw2DVLFهاي افزارنرم4-2-11

Forw2DVLF �Inv2DVLF X���
��
��")�� &L! �� ")�?� 
���R
	 �#$")��#�.

1 -Windows 



X�� ��
�
��
D����' �"����� e'�! ��R�"� 
:
�H ��8
 ��0 �' ��+"	 �����8 ��H �� � "�
 ���'

��"$ ��
� �"/��� 
�
�LF ���VLF 
	 X�`�
 
�")��.

X�� �� �
��
Forw2DVLF +"	��"L	 «
�.
 ��� D�'
 �� ��5�G ���'W
	 X�`�
���B .X�� �� �
��


Inv2DVLF ����� 
��� � V�H�)U	���� 
 *����2!��)N	 �� 
/�'� ������ �� <�/��	 �-
": ��� ��

D��/	 *��
���
� �
�#� ���' ��
	 <��F
	 �����0� � ���B��
� �
 3
�! 
��
��� ���VLF �,� ��

"�'� �Q�� &	��E	 _OE	 .X�� ��
 �
 ���=�'
 ��9)	 ���
��
��
� 
"��
 �� �� &�
��� k�E� 
�
�B�G�! � ��

���� �� �	���� 7�8 &	�� I,H
	 ���8� ���B
". ���X�� ��
� � ���B
	 �
��
��� .�	���� Inv2DVLF 

 &#?- �� �
PrepVLF �Inv2DVLF 
.��8 �� &'
 �"� ���5! PrepVLF ������� 3
�)$

Inv2DVLF 
	 ���� ��� ����� .&#?- ��PrepVLF ��
� � 
E�E: ����E	 �	�� 
��
��� ���


	 
�
�8
�� 
Z�� �N#� ��	� �
�� �)�	� &	��E	 � 
��
��� k�E� 
�
�B�G�! *���! 
	���	��� .��


�� X�� �� 
.��8 ��Input &#?- ��Inv2DVLF �
�� ����Z <�$;H
 �	�� �� �"� ���=�'


D��/	 �
��! �
"/! ���/! �� � &'
 ���')��� +�#/	 ��H ��pw�!xw(Q�
�B% ��	
��G �c)A2\
wx/w(*

����
	 ��8�' 
.��8 ������ .���� ��
D��/	 �:
�	 �)�	� �� 
!�$;H
 �	�� �� *���' +"	


��0�d��
� *��
� � ����� ����"� �,'�L	 ���y+"	 �'�G �s&'
 .
	 
� 
��0� +"	X�� �� 3
�! �
��


Surfer 
	 3�5� I#$ ���'
� �� 
� �Q�� &	��E	 _OE	 �� ���� ('� "��[Santos, 2006].

 در محدوده اكتشافي VLFبرداشت4-2-12

1-Fernando A.Monteiro Santos 
Finite- Element-٢

3 -Lagrange 
4-Final Model 
5-FDATAR  
6-Model Response  
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2B V����� �� 3��?2N�
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� �")�'�� ��vr<�"- � �!���2��
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"�
 �
�� � &'
 �"� ���=�'
 V�H�)U	���� 
 3
"�	 �� �
 _,)	 3
�)$��
� ���B ���

VLF �"���B ��N�'� *VLF-4 &'
 ����B �
�- ���=�'
 ���	 V���)�' &��� &8�'.

�����G ���VLF ' �� ��#$ ���'
� ��
��� � 
'�)� ��	� 3�#�8� �
"�	
 �� ���'|wN"�"� &�
���

�����G �2F�� ��N�"�� �
 ��|w"� ����B �9� �� ��	 .��N�?�
 �2F�������G ��� �� �� ���VLF �


�N�"��pw
	 ��	 ��N�?�
 �
 �� "���Svrw �! � ��\1Nxww )�� 
)/� +�Hqrw ��	 ("��
� �	
�
)��, 


�����G �� � �=FE|w ��N�?�
 �!Nxqw "�"� ��
� .(�����G �
"/! ���VLF �"� &�
���vp�����G


	 �����G �� � ��\1 �=F �����G �
 �� "���E||w 
	 (�8"��� .3�#� ��Z�! �"/� PK� �� �� ��H


	��
� *(��� ���VLF �
��
 X�� e'�!Ramag ")���B �
�- 
=�� ��?=! ���	 .



 در محدوده اكتشافي VLFهاي تفسير كيفي پروفيل4-3

��
� 
=�� ��?=! �� ���VLF �� _OE	 �,� ��� �
 D���� ��2�� �
 �"	1 &'�–
����'� �
�� *&2`�

)3���. 
 �N^ (
	 
� & �: ��&��B �9� �� 3
�!:

C^�� 3���. 
 �N^ ����E	 +�
 & �:;#$ �� �=F �
 �!ً"��
"� 
����'�.

���� ����E	 X�� & �:
	 �=F �
 �!31 
����'� �
"E	 3���. 
 �N^ "F�� �� �.�! �� �� ")��� ��


	 MK5	 ���/! �
�� 3���. 
 �N^ "F�� �9� ���	 4"� �� �.�! �� 
!�/ �O	 ���	 �� �� � ���B


	 <��=�	 *���� ���!"��� .��
 �� �.�! ��3�8 �EO)	 �� ����� 4�5��
 4"� 
2B

	 ���)�' ���'-


	 &��� &���G �
�#� ��	�#$ 
��� ��
 �EO)	 ��
 �� � "���
��� IH�)	 ����� �� VG ��� &���G ���'

�� ��, 
 ��
	 *&'
 �"� ��'�� 31 
����'� �
 ���)�' �� 3"� �
�#� �� � &'� �9� ���	 4"� �� 3
�!

&��� .�����G �#� ��N^ 3
��	 �@�
": *�"� &�
��� ���_OE	 �,� 3���. 
 � �
 �H���	 ���)�� ��

&'
 �"� ����1 �a� ��
 (v|ovw
#� ���`! "F��")� .

�
 P�� 3���. 
 �N^ ����E	 *�"� ��� <�L�Z�! �� �.�! ��|3�� 3
�)$ �� 
� "F�� �9� �� ���� ���


	(���B .�����G �	
�
 �� ��
���)� �"� &�
��� ���VLF ��� �
�#� �� 
�����
� �� k���	 �*X�8 ���

�� &2`� D���� _OE	 �,� � &2`� D���� ��2�� *����� ��2�� C� � ���#� 
'��� ���B
". <��F


	 ��
�
 
� �����G �
 
=�� ��?=!(���#�.



 صفرپروفيل4-3-1

���qov~�= �	 �
��#� [ � J 
��
� 
	���	 � 
E�E: ����5� 
� ����� ��2�� � X�8 ���
	 3"�� .

C�G��
� �
�� ����� ��2�� �
��#� ���
��": 
E�E: ���ً&�/-�	 ��p~w *pw�uwo��
 ��� ��	

"��
� �
�- �����G.

���qov~:J 
(��
� �
��#� X�8 ���VLF [ �(��
� ��� �� ����� ��2�� +�#$
 �����G X�8 ����=F 

���qovu�� [ � J 
� �
��#� A�!�!D���� ��2� o
� �=F �����G 3���. 
 �N^ _OE	 �,� � &2`�
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)الف(
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vrwo
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��
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6 Poddar 
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 مقدمات فيلتر فريزر تعديل شده5-1

3�#� +�' �� ����� ��2�� "� ��
� ��Z�! (`)G �a� �� �� ��Hvuru "� 
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�H ����� e'�! .D�'


���� P��� ��2�� ��
 ���R���� ����� P�
��
 �
 ���B�2. � �)�	� ���
-�=!
 �� 
���a! ���W�� <��F


	 ��	1 �U �,	"��� .�bB ����G ��2�� C� 3
�)$ �� ��2�� ��
c
	 ��8�)� ���[Fraser,1969] ���2#$ �

�� 31���bB
�� ��",! �F;8 ��Hd)�L	�
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	 C�G ���� "������H ��

C�G 3��	
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 ��fg! 
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 "��� �)�	� � &8
�)�� ��� 
� ��


	 ��� �
&�
��� �� e�
�� �]	
 *��� ������B �� 
������������ �� ��;$ A2\
 �� &'
 �
 *�)�	� ���

������
� ��� �� ��� 
���a! ���
	 �
bB ��fg! ��"��� .��
� ��� �� ����� ��2�� +�#$
 �� X�8 ���


!��F���� ��
 P��� i$�� ���)�0� ���2#$ *��� ��� 
���a! ����� "�
�8 (-� 31 �
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� �
.

.�! ���- ������
 iL� ��
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���� P��� A.�	 �0)!���� ��
 P�
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 i$�� �": �! ��2� ���N� 
���a! ������ ��.
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Z��� <��F .��N�?�
 ��
� &�
��� �� �f�	 
���a! ���� �B
M1،

١δ���� A�!�! ��#� �� � "��� 
���a! ���٢δ*٣δ�۴δ��N�?�
 �� 
� ���M2*M3�M4(���� ���
�

)&	;$δ"��� 
=)	 �� &,@	 &'
 ��#	 �� (��
� ��� �� ����� ��2�� +�#$
 <��F �� X�8 ���

&�
� (��
�8:

m1 =M1+δ1 , m2 =M2+δ2 , m3 =M3+δ3 , m4 =M4+δ4

1 -Noise 
2 -Random 
3 -Low pass 
4 -Crossover 



F2, 3= (m1+m2) – (m3+m4) → F2.3= (M1+δ1+M2+δ2) - (M3+δ3+M4+δ4)

F2, 3= (M1+M2) – (M3+M4) + ((δ1+δ2) – (δ3+δ4))                                    ( |ov )

%�� �O�
�)|ov(��� ��N�?�
 �� ����� ��2�� 
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�� 
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�)$ "���N� �9� �� ��

:δ1= -20,δ2=70, δ3= -40,δ4=80 

(δ1+δ2) – (δ3+δ4) = (50 - 40) = -10 < 90 

 ��δ1=20 ,δ2=70 , δ3=40 ,δ4=80 

(δ1+δ2) – (δ3+δ4) = (90-120) = -30 < 120 
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[Kamkar 

Rouhani, 2001] �[Kamkar Rouhani and Uren, 2000].
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Abstract 
Nowadays geophysical exploration methods have extensive applications in exploration of 
metallic ore deposits, mainly due to their relatively good results, low costs and high speed. 
Considerable contrast between physical properties of metallic ore deposits and their host 
rocks have enabled us to explore them using various geophysical methods. Mercury is one 
of metallic minerals having high conductivity in its pure form. However, mercury in its 
deposits is often observed as cinnabar that is electrically resistive.  
For exploration of mineral deposits in an area, we can use different geological, 
geochemical and geophysical methods, and then, by integrating their results, we determine 
the preference of exploration zones. To determine mercury mineralization limits in 
Khangoi area, we have used different geophysical methods, namely resistivity, induced 
polarization (IP) and very low frequency (VLF) electromagnetic methods, and finally, we 
have presented a suitable and correct interpretation using geological evidences and 
geochemical studies. 
Often quite a large number of data is acquired using the VLF method, but little quantitative 
information is obtained from the data. Using Fraser filter and current density pseudo-
section, data. It is based on reduction of background noise and avoiding an increase in 
random noises. If the noise in the study area is in the form of background and unique noise, 
the filter eliminates the noise. However, the conditions of the data acquisition in the area 
are often otherwise, so that random noise in addition to background noise affects the data. 
In these situations, Fraser filter not only reduces random noise but also causes increasing 
the noises. This is a weakness of this filter. By modifying this filter to reduce noises, we 
can obtain modified Fraser filter that is used in this research work for the first time in Iran, 
and its advantages have been shown in this thesis.  
The results of using different geophysical methods (i.e. resistivity, IP and VLF) and 
geochemical and geological methods were integrated, and finally, two main mineralization 
trends, one associated with major fault of the study area, and the other in the vicinity of 
minor faults of the area were recognized. Therefore, combining exploration information 
and obtaining a suitable patter from mercury mineralization, we explored mercury 
mineralization zones in the area.  
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